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Basic Skills and Technology

- not a Contradiction, but a Completion

Josef Bohm, Bundeshandelsakademie St. P6lten
nojo.boehm@pgv.at

Abstract

Are certain basic (manipulating and other) skills still necessary in math teaching? If so,
then we should talk about which ones and in which amount. Some examples shall demon-
strate that we can use modern computer and hand held technologies to encourage pupils
and students of all levels to practise those skills which might be neglected in many cases
using technology in math education. The examples presented have proved to be successful
in classes but certainly there are many possibilities to improve the basic ideas in many
ways using the features of all resources available at the moment.

ED 459 059

At almost all discussions on the use of a CAS in teaching mathematics the question appears if mathe-
matical basic (manipulating) skills are lost by using computers or not. At the same occasions it is em-
phasized by the members of the discussion that there is a need in investigating which basic skills are still

necessary and in which amount.

I start from my point of view that - at this moment - we cannot and should not do without certain basic
skills in mathematics. I feel unable to give any forecast for the future. I am sure that we could signifi-
cantly rise the acceptance of technology in teaching mathematics by sceptic and critical teachers or
technology refusing educational systems if we would be able to apply technology not only to present real
life problems or new - for some people radical - didactical approaches but also to improve basic calcu-
lating and manipulating techniques and mathematical capabilities. We can very consciously practise all
those techniques using technology which could be neglected by a (too?) intensive use of the technology.

It would be necessary and helpful to set up a list of such basic techniques which teachers would like to
have practised by their students. From my own experience I can say that it is very useful to provide the
pupils - or students - with tools which enable them to help themselves in case of troubles and difficul-
ties. It is not sufficient to have a textbook with lots of examples followed by the solutions and the stu-
dents don't find the way from the problem to the solution. At the other hand it is not sufficient to have
problems followed by a step by step solution. Sometimes it could be useful to work out a student - com-
puter interactive strategy to help overcoming some deficits.

The teachers should present their wishes and visions independent of any special soft- or hardware and
without any need of producing ideas how to realise their ideas. The software people could present or
describe potentialities which might be unknown by most of us teachers.

I collected a few ideas of skills which could be practised and improved using computers (that is only a
glimpse and I know that the discussion could lead to the conclusion: "we don’t need this or that any

longer in computer age".).
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e Estimating numerical results

e Working with percentages

e Working with fractions

o Elementary algebraic operations (factorising, ......)

o Recognising types of functions by their graphs

o Functions (Relations) and their various representations

o Solving equations (linear, quadratics and systems of equations)
e Calculus techniques

e Improving 2D and 3D imagination

¢ Calculating mentally

e Transformations of functions

Incited by ideas from J. Vermeylen (Belgium), Heinz Rainer Geyer (Germany) and J. Wiesenbauer
(Austria) I tried to produce training- and practise programs for my students (secondary level II), which I
want to present as seed for further developments. The platforms are DERIVE and the TI-92. The only
reason for that is because I mainly use those to CAS. I am sure that you can use each of the available
systems, but the goal must be to develop softeware products which will meet our - the teachers” and the

students - very special wishes, ideas and visions.

I have tried to work with such tools since long. In my first years working with computers I produced
programs written in BASIC. It is quite nice to follow the development of hard- and software on one

application: The Rule of Vieta, presenting random generated examples.

I will allow a nostalgic look into the program code — I am happy to have done this a couple of years ago.

It helps a lot to program with modern software tools.

VIETA - UDUNGSTROGRAMN

hufgabc 2 davon richtig: 1
q* - Yq + 20 - 0

Wie heiBt die 1. Losung ¢ =7 S
1

Mie heillt die ¢. Losung ¢ ~— 7
7

Ilcidcr falsch ?




%

‘VIETA . BAS)
10 "=xx% Trainingsprogramm zum Viet
1S ’"=x»x Programmname H 1

20 ’ Bohm 1985

25 COLOR 15, 1

30 RANDOMIZE TIMER

100 CLS : LOCATE S5, 20: PRINT "V I E T A - UBUNGSPROGRAMHM"

110 LOCATE 6, 20: PRINT Vommmm e "

11S AU = AU + 1

120 LOCATE 8, 10: PRINT "Aufgabe”: AU

130 LOCATE 8, 40: PRINT “"davon richtig:": R

135 FOR 2 = 14 TO 22: LOCATE Z, 1: PRINT STRINGS(?S, " "): NEXT 2
14906 T = 0

200 B = INTC(RND(1) = 26) + 97

210 X1 = INT(RND(1) = 21) - 10: X2 = INT(RND(1) = 31) - 15

215 IF X1 » X2 = 0 OR X1 = -X2 THEN 210

220 BS = CHRS(B)

225 K1 = ~X1 - X2: K2 =
226 IF K1 < 0 THEN V13

* ‘Datei ™ Bearbeitent¥Ans icht S Suchen: sfihren™

a’schen Wurzelsatz

[UNSCH+F1=Hi1fe F6=Fenster F2-=S0Bs FS=Ausf FO=Schritt ||  OOO00U |

Then I changed to DERIVE working with a class in the computer lab:

k3T VIE(3, x)

2
X -49 =0

2
L&: x -21-x + 108 =0

2
x -5x-6

"
(=]

[#6:

Congratulations if you are right. Now try the next five problems!

Press any key to continue_
Simp(#5) Free:100/ Derive Algebra

The idea stayed the same, the tool changed and it changed once more to handheld technology. I redisco-
vered my old BASIC-program, converted it to the TI's syntax and we practised "Vieta" in the lessons, in
the breaks, at home, sometimes in the train or sometimes just for fun or — how a student told us —as a

means to find her concentration before learning for other subjects.
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Practise the Rule of Vieta

| iyt

1, correct 1

g2+18.g+80=0
1. Solution:
-ip

Problems:

2. Solution:
-8

right
End = ESC. next = any

MAIN DEG AUTO

FUNC 0730 T

i

Problems: 3,

c?-10-c-11=0
liISolution=

%. Solution:

sorry, false xl =11, x2 = -1
End = ESC. next = any

MAIN DEG AUTO FUNC 0730 |

Allow me another remembrance to my BASIC past: a program to revise the students’ knowledge on set

theory. I am still using that tool, the students like it and it doesn 't take too long time to achieve quite

reasonable results.

A NB N (N©C) = {9,17,15)

Das stimnnt leider nicht.

(AN BN (AN C) = {16,12,25)

CENTER)>

ARSI

Y St X
D L ST 1. 30

;. {Problen: (BN (AUC)N BUD

f

1))

AL\ /

4 Fir die Hengen nur
; den Buchstaben, fur
1 die Teilmengen nur

die Ziffer eingeben. B

4 Teilmengen werden ;

griin gefilllt. Beleg- §
te Teilmengen konnen E
durch nochnaliges An-F}!

sprechen geleert uer-%}
A den. M
‘t Die Eingabe kann ab- F

- e

3 '§ geschlossen uerden,

2 C 4 wenn nur mehr dunkle |
' }4 Teile vorkommen.

r i c h t i ! R STy R SO T

i CENTER>}| {7 lost das Problen ! J4

. = e L2032 888 TTRRCER R

.u A .u:" N .;.».A T OOV N VY ST '»»rA;‘. BRI S TN ,._-‘:, FARES ]
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Some other examples are following:

Practise factorising (Jan Vermeylen)

WisT FOLIIS
138

2
- 383.x - 16-x -
B

3 2
mae: 9:x - ?2.-% + 216-x
2 _ 2032 -x
?

e - B ]

3
- 6% *+ 84-x

2
a1 9.x:-(x - 8.x + 24)

TR ‘: -] [ - ‘: -7

LEEEOL(5) ]

9 3 2
9:%x - 18.%x + 9.x
2
9.x - 27
3 2
Maae: - 63.x - 318-x + 807.x - 378

2

99 -x + 84.-x + 36
2

36-x + 96:-x + 64

2 2
92.x (x - 1)
9.(x + J3)-(x - I3

21 .Cx 7)-[%- x] 3% - 2>

2
(?:% + 6)

2
q-(3.x + 4)

POL(n) produces n random

number generated problems.

The students have to factorise
using pencil and paper and
then check their solution.

The file could easily be chan-
ged to practise special types

of factorizations if necessary.

(This example is some years old and could be adapted to other platforms)
It could look like the next trainings tool (J.B6hm). My students liked it and used it:

Fiv Fzv F3v
Info & Ende{s}QtiBISonstiges

1t Quadrat

3: Ca+bi(a-bd

binomQ)
TYPE OR USE €314 + {TENTERI=OK AND LESCISCANCEL

Fiv Fzv I
hnfo & Endéhxnonebonstxges
t Trinome
$ Binomprodukt

MAIN DEG AUTO FUNC 1730

(10 - 3-0)2

Losung?
(100f"2-30f*0+90"2>

leider falsch!
100-F2-60-f-0+ 902

Menue = ESC, weiter = beliebig
MAIN DEG AUTD FUNC 1730 £

(7 z+7-d-5-m2

Losung:
49z°2+49d"24H
MAIN DEG AUTD FUNC 1730

They practised squaring and cubing binomials, squaring trinomials, multiplying binomials mentally and

with "Bunt gemischt" they are presented a random generated sequence of problems. So you can have

competitions in the class room and the pupils become very very busy, even the weaker ones.

The next example is from H.R.Geyer to help students improving their mentally calculation skills.
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[rrmnm s ﬂ‘m. TR

utor son
PAETuRE}

“riabt>
“right*

e aghe”

ll“"l'll.s Mluu-l Uy
T NOE I LSBT YT

v - 2
w3
a7 spsnREsiE, a0y = | 4r e
3 - 2
@ ez
1634 "~ an
14024 i o
we  ve— om
6B v-t 85
. 16 Tee
Rl MIREROIG, 1000 = 2 vav 70
B e w?
LR
42 "e- 04
a? -* &
focen 1 Crigen [_—..“’“ - 4, ':‘ - HAL B et = 103, B9 - €6 - 4. 16 + 19 = 5.

ol "\?l.ur llelw Juvv
reunfer Uarenous

| TS (JITA

nl.u» .'..Im
mlau APPrn)‘

Prcsi 69 )yl

2z: JEIER
3 ''de element is :" 22
[ “"het *  “verschil is :* 19 ]
3 “de element is :" 14
[ "het ¥ “verschil is " 14 ]
? “de element is " -103
23 [ . . , . ]
het “verschil is @ -19
14 “de clement is " -32
[ 2 "de son is v -3‘3]
10 “de element is :" 81
[ 14 ‘"de element is :" 113 ]

J. Vermeylen produced a DERIVE
file to have lots of "standard pro-
blems" dealing with arithmetic series.
"verschil” is the difference d of the

series.

The other screen shot stems from a very busy discussion in the DERIVE community to produce a sort

of report when solving an equation and applying various equivalence transformations. Johann Wiesen-

bauer solved the problem with a very sophisticated tool.

So students are able to reproduce, what they have done using paper and pencil and check their results

with the computer’s ones. They find their mistakes by themselves.

Mie;

: DOCO - 3) = (2 = - BB

:bo[_n]-[ —--.

2-x ¢ 3 _ 1- 4x

s T s

S (@ex 0 1> = 341 - 4%
3 =3-32-x

L
11

e

[.

po[—] = ¢x = 1>
)= ==
2. 1
Pl 7z20 (.M
2.x ¢ 1 LH(O)
= [l
Play = 2.xe1:=3 - 13
°
2.x= 3 [_a]
x=1 3]
™
. [B:xe1 _ 1-4xq _ rRxed o 1-4xy
+ aEcorn [~ = 5 1= [ 5 1
{ DOCB-15) = (3:C2ex ¢ 1) = 3.1 - 4.x))
1 DOCG-13) = €1@.x ¢ 3 = 3 - 12.x)
1 DOC® - 1@.x) = (3 = 3 - 33.x>

(1s.03

- 10.x}
e - 31

=]

[$]




I found it useful and necessary as well that students can find the equation of a linear function, seeing its
graph. They also should be able to have an imagination of the graph seeing the linear function very
quick: "Match the Line!"

GFe v v F§ T
£ x,: “t.*u Prgn ~ 0 312 [Otre |PrgmIOf Lndit
weiter: w weiter: w Equation L
Ende » ENTER Ende + ENTER R L
Equation Equation y=xrd e e
> 5 falsch |- . 2
............. g=4_3/4x X P .
....... richtig
.............. Taste, Ende=d . . . . ... 1. ... ... Taste, Ende=¢~~ . . . . . . |.......
............. x e e e e e X e e e X
A WG TN E%0 T —— TUNT 5730 Tl LA LT 1)

"Find two points!"

N 'R R . R
o s ) You enter the second point, see a second "ball" on the grid and if
y=-2 Y gn
et DR B . . .
5, 3579 |- - | you are lucky the line passes the two "balls". The linear function
s - - 0 . T . ..
.| appears in various representations (explicit, implicit, ..)
U DEG pUTO FONC 5730
Finally I produce a "game". Give some random points on the grid
and let the students hit them with as few lines as possible, or do that with parabolas ......
Gerade: Gerade: .
(Ende = e) (Ende = e) X
2 > . x - -
y=1-x/3 y=4-4 |- -
Cme
afllil
AN DE: MAIN DE ;U;ﬂ ..... }u!s 930

Another tool helped one of my classes to improve their differentiating and integrating skills. I produced
a program calc() for the TI-92 and then they were able to practise whenever they had some time and
what they found to be necessary for them:

Fiv Fv 3 r Fiv T —— Fiv m
Info & Ende [t X3S0 Info & Ende|Differenzieren

é!Polgnonf‘unkho 11Polynomfunktionel

Summe von Potenzf‘unkhonen 21 Sumhe von Potenzf‘unkhonen
I: Produktregel (elenenta ) 3:5ubstitution

' ot ) Lo}

e Integration (m.
H arhalbruchzerlegung
:Bunt gemischt!

Ke enr
& Kett
7!Produktregel (konﬁlexi
!(\Iul:n.lem.em‘(i»I omp lex)

C

~ | d
Differenziere:

8-x2-2.x+8
1In(x)
“2.5(3Ix*2-8x-3I ke (x)
515\553*( “16x=2)=( -8x*2-2x+5)*(1/%>>/(1n falsch, richtig wdre:
X
richtig '5-[x3-7-x2+11-x-13]-e"
weiter: [ENTER) Menu:  [ESC) 2
weiter: NTER]) us C1
TALC DEG AUTH FUNC 7730 mJ CALT DEG AUTD UNC 2730

There can be lots of improvements, I know. It would be better to explain the way how to do it correctly
to have really a learning tool. What do you say ro the next program, written by Philippe Fortin from
France. He calls the program "stepder” from "Stepwise deriving functions”:

| BEST COPY AVAILABLE

ERIC
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Comeuting
£(x) = x3-5in(x3)
FOx) = F100 - £20x)

Derivative of factor #1
Computing the derivative of

£l =3

L (£00) = (F100)- £200 +Fa(F2(x0)- £10)

STEPDER RAD EXRACT FUNC 30/30

Derivative of factor #2
Computina the derivative of
£20x3 = sin(x3)

It's a functions composition
F£2(x) = $(u(x))

+(x)=s5in(x)

u(x) = x>

STEPDER RAD ERACT FUNC 30/30

Computina the derivative of

u(x) = x3

™)' = n o xMn-1D)

S (u0) =3 x2

then ...

?d;(f‘Z(x)) =3-%x2 cos(x3)

STEFDER RAD_ERACT TINE 30730

T

The last example is part of a whole sequence to teach the pupild how they can help themselves reaching

Computing the derivative of
F1(x) = x3

M) = n o x™Mn-1)

[+d

- (F100) =3-%2

Derivative of factor #2
Computina the derivative of
£200 = sin(x3)

STEPDER RAD EXACT FUNC 30/30

The derivative of 4uix)) is
u' (x>, uixdd

$0x) =51in(x)

The derivative of ¢ is

Td;( $()) = cos(x)
f2(x) = sin(u{x))

STEPDER RAD EXACT FUNC 30/30

Td;(f‘Z(x)) = 3-x2-cos(x3]

The derivative of
FOx) = F1(x) - F2(x)
is then @

Td;(f‘(x)) =3-%x5 cos(x3) +3-x2-sin(x3)

End of the step by step computation.
STEPDER RAD_EXACT FUNC 30730 Taane)

a sound level in working and manipulating with fractions.

Before working with fractions we had together developed a function to calculate the GCD of general

expressions, to check the common denomnator and then we used a selfmade function ew(expr) to find

the expanding factor for the denominator expr with a common denominator gn.

Step by step the students can perform their calculation and check it using the calculator.



From the TI 92 Worksheet 3

We have predefined a function ew(expr) which returns the expanding factor for a fraction with deno-
minator expr and the given common denominator gn

Train your skills in calculating and manipulating with fractions

16a+37b + 6ab

2a+106 T 32 52 0T

Example 2:

Calculate without the 7/. Write down your result: ........ccccevvvrveereeeennen.

Here it is.

‘E Al 'ZB Cnlv t’.-l':\v P o C1 2 H H
[ Elrisebraloaicother prantoltiear sz | cap you find a reason why this calculation could cause

a very special mistake?

16-a+37:b 6-ab
"eav10b "2 552 ¢

Z(2 a-5b)
(168+37h>/(4a+10b)+6a%xh/(4a"2..
MAIN RAD AUTD FUNC 1/

30

oy T Y ey T Y By e Compare the common denominator and the factors
~ §—|AlgebralCalc OtherIPrgnIOICIear‘ a-z..
X d I o)y

used to bring all the numerators over a common de-

skgu(d4-a+10-b,4-a2-25b2) 2 gn ;
2 .(2.8-5-b)(2-a+5-py) NOMnator.
meu(drar10-0) 272759 Explain the last part in the edit line:
"eu(4-a2-25-b2) 2
#(16-a+37:b):(2:a-5-b)+6:-a-b-2-4-gn -4 * gn:
6-a-b+15-b? gn:
ALKV PLACE S PAL LRI LG REN | How to work with an expanding factor
ew()? -4 x ew(....).
o . vxa Rlc;égra Cra;lvc|0tf|’\;rTPr'gsnIOTCIea;‘ a—z..]
The remaining work is very easy: ceutdario by a5
' "eu(4-a2-25b2) 2
Explain the relation between left and right hand 2(16-a+37-b)(2-a-5b)+6-a-b-2~-4-gn ,
side in the last row of the history area: , 6-ab+13-b
 6ab+15b 3b
2{(2.a-50b)

an
ans(1)/gn
MAIN

RAD AUTD FUNC 6730

The underlying basic idea sounds very strange and controversary:
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In addition to all the wellknown reasons to include modern technologies into mathematics teaching,
which I like and support in a very high degree, I also use the technology in many cases to improve ma-
nipulatings skills which seem to be no longer of any importance by using these technologies.

If you would like to try some of the tools presented in this paper, then please contact me. [ would appre-

ciate any suggestions and ideas dealing with this topic.

Josef Bohm
Bundeshandelsakademie St.Pélten
A 3100 St. Polten

Waldstr. 1

Austria

email: nojo.boehm@pgv.at
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